Introduction: Cerebral vasospasm following aneurysmal subarachnoid hemorrhage (SAH) is a major cause of mortality and morbidity. Despite various treatment modalities, the optimal management of vasospasm remains elusive. In this regard; we undertook a prospective, randomized controlled study to evaluate the effectiveness of lumbar cerebrospinal fluid drainage (LCSFD) for prevention of cerebral vasospasm and its sequelae. Materials and Methods: Patients with aneurysmal SAH who met the inclusion criteria were randomized into two groups -Group I (30 patients) underwent LCSFD whereas Group II (30 patients) did not undergo LCSFD. All patients underwent aneurysmal clipping. Both the groups received standard neurosurgical treatment except for LCSFD. The outcome was measured in terms of (1) clinically evident vasospasm; (2) vasospasm-related cerebral infarction; (3) condition of the patient at the time of discharge; and (4) Glasgow outcome score (GOS) at 1-and 3-month follow-up. Results: LCSFD conferred a statistically significant benefit reducing the incidence of clinical vasospasm from 63% (in non-LCSFD group) to 30% (in LCSFD group) (P = 0.01) and incidence of vasospasm-related cerebral infarction from 53% (in non-LCSFD group) to 20% (in LCSFD group) (P = 0.007). Incidence of vasospasm was quantitatively lower in LCSFD group across all Hunt and Hess grades; however, it was statistically significant in SAH Grade III (P = 0.008). Mean duration of hospital stay was slightly lower in LCSFD group compared to non-LCSFD group; however, it did not reach statistical significance. A higher incidence of meningitis in LCSFD group was not statistically significant. A higher GOS was observed in LCSFD group at 1-and 3-month follow-up as compared to non-LCSFD group. Conclusion: Drainage of CSF through a lumbar drain following aneurysmal SAH caused a statistically significant reduction in the incidence of clinical and radiological vasospasm and its sequelae. It also shortens the overall duration of hospital stay and improves the outcome as evidenced by a better GOS score at 1-and 3-month follow-up. The results of this prospective, randomized study establish the efficacy of LCSFD in prevention of vasospasm following aneurysmal SAH.
Introduction
Cerebral vasospasm is a prolonged cerebral arterial vasoconstriction that occurs from 3 rd to 14 th day following aneurysmal subarachnoid hemorrhage (SAH). Cerebral vasospasm continues to be the main cause of morbidity/mortality following aneurysmal SAH till date.
Many treatment modalities have emerged over the years to prevent cerebral vasospasm. Foremost among these modalities was the introduction of triple-H (3H) therapy in the early 1980s. [1, 2] Nimodipine, which was introduced for widespread clinical use in 1985, reduced the overall percentage of patients with severe vasospasm from 30% to 20%; however, it does not seem to decrease the incidence of vasospasm identified on angiography. [3] [4] [5] In the late 1980s, endovascular techniques such as angioplasty and administration of intra-arterial chemical vasodilators such as papaverine and nimodipine enabled the neurological rescue of many patients, thereby further improving their overall outcome. [6, 7] Despite all these advances, vasospasm continues to challenge. There is still no single effective mean to prevent vasospasm. Vasospasm currently accounts for a prolonged in-hospital stay and high-cost. [8] [9] [10] Research has clearly shown that the pathophysiology of vasospasm is directly related to the presence of blood in the subarachnoid spaces surrounding the cerebral conductance vessels. [11, 12] Because hemolysis of blood is the primary inciting agent for vasospasm, strategies to facilitate the clearance of blood from the subarachnoid spaces at the earliest would reduce the risk of cerebral vasospasm. This strategy has been studied by a number of investigators. [13] [14] [15] [16] [17] [18] [19] [20] Lumbar cerebrospinal fluid drainage (LCSFD) may represent a simple and effective way to increase the clearance of blood from the subarachnoid spaces and consequently decrease the incidence of clinically significant vasospasm. Draining CSF from the lumbar cistern would be expected to promote circulation of clear, newly formed CSF from the cerebral ventricles through the subarachnoid spaces, especially if the arachnoidal membranes were opened at the time of surgery. Moreover, lumbar drainage would also promote removal of the red cell mass from the intrathecal space, which represents the largest of all subarachnoid cisterns.
With this background, the authors undertook a prospective, randomized controlled trial assessing the efficacy of LCSFD for prevention of cerebral vasospasm in patients with aneurysmal SAH.
Materials and Methods
This is a prospective, randomized control trial. Institutional ethics committee clearance was taken for the study. Patients of aneurysmal SAH (Hunt and Hess Grade II-IV), who got admitted during the study period and met the inclusion criteria, were randomly allocated to one of the two groups using computer-generated randomization chart.
• Group I: Underwent placement of Lumbar CSF drain • Group II: Lumbar CSF drain was not placed.
Inclusion criteria

All patients with aneurysmal SAH Hunt and Hess
Grade II-IV with ictus within 10 days before admission.
Exclusion criteria
1. Evidence of raised intracranial pressure in the perioperative period contradicting placement of lumbar intrathecal drains 2. Nonoperated patients where the aneurysm is not secured 3. Intracranial mass lesions, e.g., hematoma, cerebral edema, brain shift, etc. 4. Meningitis contradicting placement of intrathecal drains 5. Patients with Hunt and Hess Grade I and V SAH 6. Patients undergoing coiling.
Clinical management
All patients were assigned a Hunt and Hess grade at the time of admission according to neurological parameters. The patients were also assigned a Fisher's grade based upon thickness of subarachnoid clot on computed tomography (CT) scan of head. At admission, all patients were resuscitated and stabilized. The patients with poor neurological status with poor respiratory effort were intubated. With the exception of CSF drainage, all patients received treatment according to a consistent protocol. This included early surgical occlusion of the ruptured aneurysm (within 3 days following admission). The LCSFD was placed at the time of induction before craniotomy and was kept in place for next 72 h postprocedure.
Patients in whom lumbar drain was placed were given antibiotics as per the protocol (Cefoperazone + sulbactam 1 gm 12 hourly, netilmicin 300 mg OD, Metrogyl 500 mg iv 8 hourly). Prophylactic 3H therapy was given depending on the clinical situation, administration of nimodipine, daily transcranial Doppler (TCD) ultrasonography examinations, rigorous monitoring, correction of electrolyte and blood gas abnormalities and management of hydrocephalus were carried out accordingly in both the groups.
Vasospasm was diagnosed using the criteria defined in the tirilazad trials: [9, 10] 1. Deficits such as confusion, disorientation, drowsiness, or focal motor deficit during posthemorrhage days 4-14 2. Negative findings on CT scans obtained to rule out other causes of neurological deterioration such as hemorrhage, cerebral edema, or hydrocephalus 3. No other identifiable cause of neurological deterioration such as hyponatremia (Na <132 mEq/L), hypoxia, drug toxicity, infection, or seizures 4. Evidence of vasospasm on serial TCD examinations.
Cerebral infarction caused by vasospasm was diagnosed if either a delayed ischemic deficit became sustained beyond the risk period of cerebral vasospasm or if imaging studies revealed a region of cerebral infarction in a vascular territory consistent with the patient's vasospasm.
Lumbar cerebrospinal fluid drainage methods
In all patients randomized under the LCSFD group, closed system lumbar CSF drain was typically placed in the operating room at the time of surgery through L3-L4 intervertebral space after induction and was clamped. Before the dural opening, lumbar drain was opened up to release CSF and to facilitate brain relaxation. LCSFD was continued for next 72 h. The CSF bag was typically kept at the level of head to avoid overdrainage of CSF.
Outcome measures
There were four primary outcome measures in this study: 1. Clinically evident vasospasm 2. Vasospasm-related cerebral infarction 3. Condition of the patient at the time of discharge 4. Glasgow outcome score (GOS) score at 1-and 3-month follow-up.
Secondary outcome measures included duration of stay in
Intensive Care Unit and overall hospital stay.
Results
Sixty patients met the inclusion criteria and were randomly allocated to one of the two groups -thirty patients in Group I and thirty patients in Group II. With the exception of CSF drainage, all patients received treatment according to a standard protocol. This included early surgical clipping of the ruptured aneurysm (within 10 days following ictus).
There were thirty patients in each group. Both groups were matched with respect to age, sex, GCS on admission, and SAH grade at admission [ Table 1 ].
Clinical evidence of vasospasm and rising TCD velocities suggestive of vasospasm developed in 30% (9/30) patients in LCSFD group compared to 63.3% (19/30) patients in non-LCSFD group and this difference was found statistically significant (P = 0.01). Although more number of patients (11/30) in Group II developed hemiparesis due to vasospasm compared to Group I (6/30), this difference was not found to be statistically significant. This may be because of small sample size.
Vasospasm-related cerebral infarction as evidenced by serial CT head occurred in 20% of Group I (6/30) compared to 53.3% (16/30) of Group II patients. This difference was also found to be statistically significant (P = 0.007)
We performed a subgroup analysis to look at the effect of LCSFD in individual SAH grade patients. We observed that the beneficial effect of LCSFD in preventing cerebral vasospasm was statistically significant in SAH Grade III patients (P = 0.008). In SAH Grade II and IV patients, although the incidence of vasospasm was lower in LCSFD group compared to non-LCSFD group, it did not reach statistical significance. However, LCSFD was associated with a higher incidence of meningitis (5/30, 16.7%) compared to non-LCSFD group (2/10, 6.7%) although this difference was not statistically significant (P = 0.42). One patient in LCSFD group died due to fulminant meningitis and ventriculitis. The other complications in Group I included postoperative pneumonia in four patients (13.3%), dyselectrolytemia in 2 (6.7%), and septicemia in one patient (3.3%). In Group II, the perioperative complications were -pneumonia in four patients (13.3%), dyselectrolytemia in two patients (6.7%), urinary tract infection (UTI) in one patient (3.3%), and septicemia in two patients (6.7%). The incidences of postoperative pneumonia, UTI, dyselectrolytemia, and septicemia were almost similar in both groups and were not statistically significant. One peculiar complication observed in two of the patients in LCSFD group was development of intracranial hematoma -extradural hematoma in one patient and subdural hematoma in another. Both these patients were promptly diagnosed and operated emergently and made good recovery.
The patient outcome as quantified by GOS at the time of discharge was better in LCSFD group (median GOS = 4) as compared to non-LCSFD group (median GOS = 3) and this difference was found to be statistically significant (P = 0.01). Median GOS at 1-and 3-month follow-up was 5 in Group I compared to 4 in Group II and this difference was statistically significant (P = 0.04).
Two patients in each group died. In LCSFD group, one patient died of fulminant meningitis and ventriculitis 
In non-LCSFD group, one patient expired due to ventilator-associated pneumonia during in-hospital stay whereas other patient expired 1 month after discharge probably due to aspiration pneumonitis.
Follow-up was present at 3 months postdischarge for 23/28 patients in Group I (82%) and 22/28 patients in Group II (79%) [ Tables 2 and 3 ].
Discussion
The management of patients with aneurysmal SAH should achieve two main goals: Prevention of rebleeding and treatment of cerebral vasospasm. [17] Early surgical clipping or endovascular coiling of aneurysm prevents the subsequent aneurysmal rebleeding. Despite the developments in the management of aneurysmal SAH, cerebral vasospasm remains an important cause of the morbidity and mortality.
Cerebral vasospasm usually develops 3-4 days after SAH and continues for 10-14 days. Ischemic neurological deficits from clinically evident vasospasm occur in approximately half of patients whose angiograms demonstrate vasospasm. [3, 21] Severe symptomatic vasospasm occurs in approximately 25-37% of patients and causes permanent ischemic neurological deficit or death in 7-17%. [17, 22] Exact pathophysiologic mechanisms underlying cerebral vasospasm are not fully established and multifactorial processes that contain oxygen-free radicals, endothelin, vascular endothelial growth factor, arachidonic acid derivatives, lipid peroxidation, inactivation of nitrous oxide, activation of protein kinase C system released from blood clots in the subarachnoid spaces and cisterns have been implicated to induce the muscular contraction and damage to the vessel leading to cerebral vasospasm. [23] [24] [25] [26] However, the definite molecular mechanism which induces cerebral vasospasm is not yet clear. Thus, the optimal management for cerebral vasospasm is not fully established.
Introduction of 3H therapy in the early 1980s and calcium channel blockers such as nimodipine in later years decreased the patients with severe cerebral vasospasm from 30% to 20%. [4, 17, 19, 21, 22] In the late 1980s, endovascular treatments including angioplasty and injection of intra-arterial chemical vasodilators such as papaverine enabled to improve their overall outcome. [6] However, because these medications and endovascular intervention are unable to eliminate the blood clots, cerebral vasospasm still contributes to poor outcome in approximately 10-40% of patients with dense SAH.
There are numerous clinical studies which revealed that early surgical removal of blood clots and irrigation of subarachnoid spaces may reduce the risk of cerebral vasospasm; [15, 18, 22, 27, 28] however, the clinical results have not been satisfactory because it is very difficult to remove the clot completely in the acute stage after SAH and may even be hazardous. [17, 21] It has also been well documented that the amount of subarachnoid clot is closely related to the incidence and severity of vasospasm. [17, 22, 27, 28] In his original article published in 1980, Fisher had shown that the amount of blood within the basal cisterns on a CT scan correlated with the development of angiographic vasospasm. [29] When the subarachnoid blood was not detected or <1 mm thick (Fisher Grade I, II), severe vasospasm was rare (1 of 18 cases). In Fisher Grade III, severe spasm followed almost invariably (23 of 24 cases). [29] This was confirmed by subsequent studies. [30, 31] More recently, it was found that the relative risk for symptomatic vasospasm was 5.1 for patients with Fisher Grade III SAH (95% confidence interval, 2.0-13.1; P = 0.008). [32] Experimental studies in which a primate model was used showed that clot removal within 48 h of SAH prevented vasospasm.
The theoretical foundation of draining CSF in aneurysmal SAH is based on the fact that various substances derived from subarachnoid blood are related to mechanisms of development of cerebral vasospasm. Inagawa et al. [15] in their 140 surgically treated aneurysmal SAH patients undergoing cisternal CSF drainage concluded that the incidence of symptomatic and angiographic vasospasm was lower in patients with cisternal CSF drainage.
Several authors have combined cisternal CSF drainage with administration of fibrinolytic agents (urokinase [UK], recombinant tissue plasminogen activator [t-PA], etc.) which help in clot lysis. Mizoi et al. [18] assessed the efficacy of postoperative intrathecal injections of t-PA in preventing cerebral vasospasm in cases, with a diffuse severe SAH (Fisher Grade III aneurysmal SAH). None of the patients in their study developed angiographic vasospasm or delayed ischemic neurological deficit.
Hiroshima et al. [33] in their retrospective cohort study involving 95 patients with aneurysmal SAH concluded that effective CSF space irrigation with UK can prevent both symptomatic vasospasm and late hydrocephalus.
Yamada et al. [34] retrospectively studied effect of cisternal drainage and intrathecal UK injections in preventing symptomatic vasospasm after aneurysmal SAH in 69 patients with aneurysmal SAH (World Federation of Neurological Surgeons Grade I to IV, Fisher's Grade III, undergoing surgery, or coil embolization within 72 h of the onset). This study concluded that combining continuous cerebrospinal drainage and intermittent intrathecal UK injection therapy is a relatively simple and effective method for symptomatic vasospasm prophylaxis in patients with aneurysmal SAH.
Kinouchi et al. [35] also concluded that intraoperative cisternal irrigation with t-PA combined with cisternal drainage is safe and effective for the prevention of symptomatic vasospasm following SAH. Hänggi et al., [28] in a recently published prospective randomized clinical trial, have concluded that a multimodal approach with translumbar lysis with UK in combination with kinetic therapy using head shaking followed by intrathecal nimodipine lavage proved to be effective against cerebral vasospasm and for better clinical outcome.
However, there are some studies in literature which show that postoperative cisternal CSF drainage does not affect the incidence of cerebral vasospasm or the clinical outcome in patients with aneurysmal SAH. [27] Results from several reports have indicated that direct ventricular CSF drainage resulted in preventing the vasospasm after aneurysmal SAH. [11] On the other hand, direct CSF draining from lateral ventricle may cause stasis blood clots within subarachnoid spaces so that ventricular drainages such as external ventricular drainage may, in fact, increase the risk of cerebral vasospasm.
[17] LCSFD seems to be an easy and efficacious method to wash out the blood clots from subarachnoid spaces and cisterns, consequently preventing vasospasm. Moreover, LCSFD would be expected to promote circulation of clear and newly generated CSF from cerebral ventricles through subarachnoid spaces and also elimination of blood clots from intrathecal space with reduction in intracranial pressure. [17] Several authors proposed that LCSFD after surgical clipping show positive influences on incidence of cerebral vasospasm, GOS score, cerebral infarct, and mean hospital stay. [16, 17] Klimo et al. [17] in a prospective nonrandomized trial involving 167 patients concluded that the LCSFD was superior to ventricular CSF drainage in the management of vasospasm. Symptomatic vasospasm occurred in 17% and 51% of patients with and without LCSFD, respectively, indicating that external clearance of spasmogenic substances reduces vasospasm in patients with thick SAH. Shunting of CSF through a lumbar drain conferred a statistically significant advantage with respect to marked reduction in the risk of clinically evident vasospasm and its sequelae, shortening of hospital stay, and improvement in outcome. In comparison with ventricular CSF drainage, LCSFD is more safe without being a direct cause of brain parenchymal damages such as intracranial hemorrhage.
Kasuya et al. [20] retrospectively studied the influence of continuous CSF drainage on vasospasm and hydrocephalus in 150 patients with aneurysmal SAH (32 cases of Grade I, 85 cases of Grade II, and 33 cases of Grade III by the Hunt and Hess classification). One-hundred seven of these cases received CSF drainage (cisternal, ventricular, lumbar, or a combination of these). There was a statistically significant reduction in vasospasm in the patients in which continuous CSF drainage was carried out (P < 0.05).
Kwon et al. [23] also established the effectiveness of LCSFD in preventing clinical vasospasm and its sequelae after endovascular coiling on aneurysmal SAH. The incidence of clinical vasospasm in the lumbar drain group was 23.4% compared to 63.3% the control group. Moreover, the risk of death in the lumbar drain group was 2.1% compared to 15% in the control group.
Hoekema et al. [14] studied the safety of LCSFD in aneurysmal SAH patients and concluded that LCSFD is safe when used in the setting of aneurysmal SAH if appropriate patient selection and good technique are employed. Of the 25 patients treated with a lumbar drain, only one suffered a reversible neurological event. No other complications occurred. Lumbar CSF drainage may be associated with various complications. Spinal nerve root injury and postdural puncture headache are reported as complications of LCSFD. Overaggressive CSF drainage from lumbar puncture drain can cause development of intracranial hemorrhage including extradural and subdural hematoma as evidenced by two cases in the present study.
In addition, cerebral herniation causing death or severe neurological impairment is the most serious complication of LCSFD, especially in patients with increased intracranial pressure. [12] The incidence of meningitis following continuous LCSFD varied from 2% to 10.5% as per various published series. [36] [37] [38] [39] 
Limitations of the study
The major limitation of the study is its small sample size. We observed that the beneficial effect of LCSFD in preventing cerebral vasospasm was statistically significant in SAH Grade III patients (P = 0.008). In SAH Grade II and IV patients, although the incidence of vasospasm was lower in LCSFD group compared to non-LCSFD group, it did not reach statistical significance probably due to small sample size.
Conclusion
This prospective, randomized controlled study has demonstrated the efficacy of LCSFD to significantly reduce clinical vasospasm and vasospasm-related cerebral infarction in patients with aneurysmal SAH, thereby contributing to a better outcome. Lumbar CSF drainage is are believed to decrease cerebral vasospasm by promoting circulation of CSF and clearance of blood from the subarachnoid spaces. LCSFD can be associated with meningitis. Proper care and appropriate antibiotics are warranted to prevent infection in patients who undergo LCSFD.
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